where h is the 120° operator. The lengths are rotated through 120° and are added end to end, and the resultant is divided by 3; this is repeated for the negative sequence, and, for a check, the six phasors of the components are added again in pairs. With the ruler-andcompasses method, at least 12 arcs must be struck and 18 lines drawn, not counting the numerous parallel transfers. The alleged discrepancy, which is resolved by the recognition of a stress in a visible and tangible dielectric, would not be affected. Maxwell's electromagnetic theory was, in fact, based on the hypothesis of a universal and frictionless medium or ether having the properties, inter alia, of a pure dielectric. The Michelson-Morley experiment was designed to detect the Earth's orbital motion through this medium, but a null result was obtained. This could be interpreted by the hypothesis that the Earth carries a layer of ether along with it, were it not that this is incompatible with other well known experiments on the propagation of light. The solution to this paradox was found in combining Maxwell's mathematical equations with the principle of relativity of inertial reference systems, a marriage which produced as its offspring the Lorentz transformation and Einstein's restricted theory of relativity. All this is very well known, but what is perhaps less well known is that thereby the ether or pure frictionless universal dielectric fluid was not in fact abolished: it may exist, and it matters not whether we call the velocity of propagation of electromagnetic waves therein v or c.-Yours faithfully,
E. G. CULLWICK

Department of Electrical Engineering University of St. Andrews Queeris College, Dundee 13th May 1966
Dear Sir-P. Knight suggests (May 1966 E &P,p. 156) that, in a transparent material medium in which the velocity of light is v, the well known mass-energy equivalence E = me 2 becomes E = mo 1 . He uses this relation to clear up difficulties in calculating the radiation pressure on a surface immersed in a transparent medium.
Unfortunately, the equation E = mv 2 is
Letters to the Editor (continued)
easily shown to be untenable. Consider 27 rectangular blocks, all of the same shape and size, of some material having dielectric constant e. Take one of the blocks alone and measure its mass on a balance; let the mass be m. Then, neglecting the difference between air and a vacuum, the equivalent energy according to the orthodox relativity theory is E o = me 2 . Now take the other 26 blocks and arrange them in a 3 x 3 x 3 array with the test block in the centre and no gaps anywhere between the blocks. It is then a matter of common experience that the composite 3 x 3 x 3 block will be found to have mass 27 m. Thus the mass of the centre block is unchanged when it is surrounded by a material medium instead of by a vacuum (or air).
According to Mr. Knight's suggestion, we should write E x = mc 2 /e for the centre block, instead of E o = me 2 . If this is correct, in bringing up the other 26 blocks from infinity the first block has somehow lost energy E o -E x -mc 2 (l -1/e), since m is unchanged. Unless e is very close to 1, this is an enormous amount of energy, comparable with that liberated when an atomic bomb is exploded. Since it is not generally found that the juxtaposition of macroscopic lumps of matter is accompanied by spectacular explosions, the conclusion is that E o is correct, not E x .
The difficulty of calculating the radiation pressure on a surface immersed in a material medium disappears if, instead of the wave theory, the ballistic theory of light is used. The electromagnetic momentum, on this theory, is the ordinary Newtonian momentum of the photons. The energy of the electromagnetic wave consists of three parts: the kinetic energy of the photons, the internal energy of the photons, and energy arising from polarisation effects in the transparent medium. There is no momentum associated with the polarisation energy. A full account of this theory is given in a paper which has been submitted to Proc. Dear Sir-I read with interest P. Knight's letter on the radiation-pressure discrepancy.
The fallacy in the discrepancy may lie in the assumption used in deriving the Poynting vector itself. This is that the field energy in an electromagnetic wave actually moves with the wave. The quantum theory and experiment have shown that an energy quantum can be received at a region remote from a wave source long before enough energy to sustain the quantum has, using the Poynting vector, been intercepted by that region. The Poynting vector may really have no significance in electromagnetic energy transfer. An electromagnetic wave is a disturbance of the medium which propagates it, and may well be sustained by energy deployed from that medium. The process of electromagnetic energy transfer may be a lot more complicated than we presently believe.
Furthermore, the normal source of electromagnetic radiation, the accelerated electron, does not really radiate electromagnetic wave energy-though it can be calculated that it does if we ignore the presence of the electric field which causes the acceleration. This was pointed out in a discussion 1 
The crystal detector
Dear Sir-I must admire R. W. Minter's enthusiasm for the crystal detector (May 1966 E&P, p. 156), but from my point of view it was a hit-and-miss device of the early 1920s when there was nothing else to compete with it as a radio-frequency a.c. rectifier. I believe carborundum detectors were fitted to the Mark III Army field sets of the 1914-18 War, for their relative reliability under portable conditions. The perikon detector (zincite-bornite or pyrites couples) was also used with the Marklll set, which gave a reasonable stability without the need of battery and potentiometer; but with any crystal detector of those times the wireless operator required the charm of a witch doctor in order to get satisfactory results.
The galena (lead sulphide) crystal-cat'swhisker type of detector did not lend itself to portability under service conditions: hence its apparent retardation in popularity until the advent of broadcasting in 1922. Its use was also assisted by the higher radiated power from broadcasting transmitters, until the development of radiocommunication demanded greater selectivity and subsequently made the crystal detector a museum piece. thought I was carefully avoiding a statement as to who was first, or when, and I am sorry that in the event I have been misconstrued in allocating this to Losev. I looked at the prior history in various books but could not discern who could be quoted as a definite first. Perhaps some member could oblige? I sought to indicate the internationality of progress and quoted Losev as one user, to remind readers that Russia also was making many contributions, indeed from at least the 18th century as regards general scientific progress. The contributions of old Russia are often overlooked today, and that is a pity.
Both Mr. Perrin and Wing Cmdr. Swinney add point to my remark that 'there was considerable empirical development about this time', and it is interesting that we now know a bit more as to why the higher-energygap materials needed an applied bias. Still, for Wing Cmdr. Swinney's satisfaction, and Mr. Minter's too, let us always try to remember that our notions of electrons, holes, and so on, and our theoretical superstructures describing how they behave, are simply abstract concepts embodying thought patterns and procedures that have no more claim to absolute truth than that they have been found to work. By this I mean that they describe reasonably well how some known phenomena occur, and also predict some new things to look for and directions in which to proceed. It is nearly always the empiricist who turns up the new things (the first Bell transistor was not one having nice 'Shockley type' p-n junctions). But as for Faraday and Maxwell, the integrating and insight-giving power of a good theoretical study is always necessary as a follow-through, and thereby many less-inspired experimenters are able to add their large bulk contribution.
Mr. Minter's remarks on germanium-silver systems are intriguing. A. H. Reeves and R. B. W. Cooke carried out much work here on germanium-silver systems, especially with arsenic doping in the silver, and took out a patent for a 'Positive-gap Diode' (L'Onde tlectrique, 1954, 34, p. 322). By suitable whisker doping and pointing, with the right germanium, and application of a suitable 'forming' current pulse, diodes with a 'gap' in either the negative or positive side of the characteristic could be produced. Generally the germanium needed to be-by modern
